A Standard Design Process for Sustainable Design  by Stipo, Francisco J. Farias
 Procedia Computer Science  52 ( 2015 )  746 – 753 
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Conference Program Chairs
doi: 10.1016/j.procs.2015.05.121 
ScienceDirect
Available online at www.sciencedirect.com
The 5th International Conference on Sustainable Energy Information Technology                
(SEIT 2015) 
A Standard Design Process for Sustainable Design 
Francisco J. Farias Stipo* 
Texas A&M University, 3137 TAMU, College Station, TX 77843-3137, USA 
Abstract 
This exploratory research examined the degree of adoption and impact of the concepts of Building Information Model (BIM), 
Integrated Project Delivery (IPD), Integrated Design Process (IDP) and Building Energy Simulation (BES) on the design processes 
of advanced architectural firms when executing sustainable design. Six offices identified by the press and peers’ recognition  for a 
strong commitment to sustainable design and influence in the design of high performance buildings were selected. In semi-
standardized interviews, these firms presented their perceptions of the influence of BIM, BES, and IPD/IDP. The results show that 
a generalization of sustainable design processes is possible. A design process for sustainability (DEPROSU) model was created by 
collecting best practices from data gathered from the interviews and the critical literature review. This research provides evidence 
of commonalities found in the design processes of the selected firms. These commonalities represented in the DEPROSU model 
can potentially be validated as protocols or standards for sustainable design, providing architectural design practices with concrete 
patterns for improvement and or validation of their design methods. 
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1. Introduction 
Architecture and buildings are identified as being of major importance in reducing the intensity of global warming 
and ameliorating the impacts on humanity 1, 2. Existing research shows that the most important decisions occur at the 
earlier stages of design, having the greatest impact on the Life Cycle Cost (LCC) of the building3. Architecture firms 
are required to produce more energy efficient buildings4. The three emerging concepts of Building Information 
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Modelling (BIM), Building Energy Simulation (BES) and Integrated Design Process (IDP) provide a new opportunity 
to address the challenges of achieving sustainable communities and ameliorating the impacts of global warming.  
 
The American Institute of Architects (AIA) contracts still guide many design projects through a conventional and 
linear process through consecutive phases5. The hypothesis behind this research is that BIM, BES, and IDP are 
complementary processes that together contribute to a new process for design of sustainable dwellings. This research 
endeavored to determine to what extent leading firms are using a design process employing these three technologies 
and processes. The research collected data by interviewing designers at leading firms. The data analysis provided 
generalizations regarding contemporary design processes and achieves insights into new and appropriate design 
processes that make use of new technologies.  
2. Definitions 
Sustainable design: Ecodesigners tend to analyze the impact of a building using a holistic approach including LCC 
and Life Cycle Analysis (LCA) evaluations6, 7 and ecological principles8.  
 
Integrated Design Process (IDP): IDP is a collaborative process with a multidisciplinary design team that focuses 
on the design, construction, operation and occupancy of a building over its complete life-cycle, with a clear definition 
of environmental and economic goals and objectives9.  
 
BIM: BIM is a digital representation of physical and functional characteristics of a facility and serves as a shared 
source for information for it10. BIM software provides objects that represent architectonic elements, parametric 3D 
modeling, rendering functions, automated drafting, rich graphic and non-graphic information stores, and 
interoperability to analysis programs11. 
 
BES: Sustainable design processes usually rely upon BES software to establish expected energy consumption of 
building designs12. BES tools are best suited for examination of risk and to test design alternatives 13.  
3. Research methods 
An exploratory qualitative research approach was selected to investigate this research topic14, which implemented 
critical literature reviews, case study analysis and interviews. Three offices in the U.S.A., two offices in the U.K. and 
one in Malaysia were selected due to their commitment to sustainable design and influence in the design of high 
performance buildings as identified by the press. Qualitative data was collected through semi-standardized interviews 
from design professionals to acquire insight into the interaction of BIM, IDP, and BES on sustainable design.  
 
The open-ended interview questions were divided into different sections and presented to a particular individual 
with expertise in the area. When possible, multiple participants were interviewed simultaneously to provide a fluid 
discussion and to improve reliability of data. The interviews took place in the informant’s offices. The number of total 
informants is summarized in Table 1. The informants included designers from different hierarchical levels and 
positions, as shown on Table 2. The inclusion of such variety depended on their availability and willingness to 
participate which was not equal across the offices and therefore, a comparison of roles across the different offices was 
not possible. 
 
In general, each interview began by asking their familiarity with any of the concepts of sustainable design, BIM, 
IDP and BES. Then they were asked about the overall design process for high performance buildings and their use of 
BIM, IDP and BES. The interviews lasted in general one hour and the participation was voluntary –no compensation 
was provided. All recorded interviews were later transcribed verbatim and used as raw data for analysis and coding. 
The data was analyzed using transcription; coding; thematic analysis and exploratory analysis. The transcription of 
the interviews produced 49,979 words of data. Internal validity was checked by using respondent feedback, to see if 
the interpretation mirrors their experience15, but only two participants confirmed.  
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Table 1: Summary of Interview and Archival Data. 
Offices 1 2 3 4 5 6 Total 
No. interviews 1 3 1 1 1 1 8 
No.  informants 4 3 1 4 1 2 15 
No. pages of 
transcription 
30 26 15 22 17 29 139 
 
Table 2: Key actors involved and their position in their respective firms. 
OFFICES KEY ACTORS FUNCTION BACKGROUND 
1 Sustainability Manager 
Associate Architect 
BIM Manager 
Simulation/Integrated Design 
Environment Management 
Architecture 
Technology 
Architecture 
2 Sustainability Coordinator 
Partner, Contract Supervisor  
BIM Manager 
Mechanical Engineering 
Architecture 
Architecture 
3 Principal, Chief Sustainability Officer Architecture 
4 Associate Principal, Senior V.P. 
Sustainability Officer 
Associate Architect 
Architectural Assistant 
Architecture 
Architecture 
Architecture 
Architecture 
5 Principal, Sustainability Chief Architecture 
6 Partner, AR&D  
Associate Partner, Design Systems Manager  
Aeronautic Engineering 
CAD Management 
 
4. Traditional design process 
This section will discuss about the most influential delivery methods and best practices in the US, represented by 
the AIA protocols and documents, in addition to scholarly works about sustainable architecture.  
 
According to the AIA best practices5, the design process is divided into phases of schematic design (SD), design 
development (DD), construction documents, bid or negotiation and construction administration. This sequence 
presents a linear process where the major efforts are not front loaded and receive no multidisciplinary feedback from 
consultants. Without an IDP and without BIM, the risk of construction errors and poor building performance is 
significantly high. In some delivery methods like the Design-Build-Bid, the constructor is not even allowed to 
participate in the conceptualization of the project. General contractors bid on the project with the lowest qualified 
bidder being selected, which attempts to the high quality goal of the project. Moreover, the tension and conflicts among 
participants often results in higher costs from change-orders, repairs and lawsuits5, 16. 
  
Arguably as a consequence of both IDP and BIM capabilities, the front-loaded effort in an IDP creates a mismatch 
between the traditional and linear design method where the major efforts and consequent proportional fees are 
dedicated to the later stages. 
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5. Emerging process in advanced firms 
Vallero & Brasier17 state that a sustainable design strategy needs to surpass the short-term economic benefits of 
traditional methods and see the design from a holistic viewpoint. The authors further differentiate two design models: 
the traditional-linear process, and the transitional model. The linear model tends to set as priority variables such as 
monetary costs, scheduling constraints and quality. The transitional model includes a green building rating system 
(GBRS) and moves the technical input earlier in the design process, having a higher level of interaction and feedback 
among all stakeholders. Other researchers studied the use of digital tools to aid sustainable design and analysis18, 19, 20. 
Therefore, contemporary architecture design is moving towards an emphasis on sustainability and reliance upon 
evidence-based design (including BES) to support design decisions21, 22.  
 
According to the data from the interviews, a design process for sustainability involves a series of steps clustered as: 
(a) programming, (b) site analysis, (c) goals definition, (d) analytics, (e) design refinement, (f) construction and (g) 
operations. However, this study focused on the implementation from (a) to (e). In general, the participants start with 
an analysis of the orientation, site and climate, as well as the urban or rural conditions. That information orients 
designers to choose specific passive design strategies. Simple massing simulation analysis is performed to compare 
design alternatives for schematic design and to refine building shape. When the design approaches the design 
development stage, most of the simulation is already done and the design is refined. The next step is for coordination 
using BIM and clash detection. BIM can be used for commissioning and FM, providing information about the 
building’s performance and new lessons.  
 
Participants seem to agree that a holistic approach is necessary for sustainable design, and that it depends upon 
fostering a multidisciplinary effort and accepting a radical change in processes23. Post-construction evaluations are 
currently not fully adopted, although some GBRS are requiring it. BIM’s full potential is currently not achieved in 
most firms. BES is increasingly adopted in design process to predict and improve building performance. IDP is 
considered a critical aspect of a contemporary design model for sustainability and seems to have a synergetic effect 
on BIM and BES. The participants considered BIM to be the essential “vehicle” to facilitate communication and 
coordination between stakeholders by including IDP and BES.  
 
Regarding the use of BIM from the participants: 
x Given six offices, five have adopted BIM and have a strong commitment to BIM;  
x Participants appreciate BIM capabilities to expedite design production and coordination; 
x The appreciation for BIM is increased when used in conjunction with consultants;  
x Interoperability remains a challenge;  
x BIM standards remain a challenge; 
x BIM has supported the implementation of BES; 
 
Regarding the use of BES from the participants: 
x Given six offices, six adopted BES in their design methods; 
x Four out of six are implementing in-house energy simulation for early design stages; 
x Six offices outsource BES for advanced design stages; 
x BES use varies depending on projects’ complexity and/or fee structure; 
x During advanced design stages, firms usually outsource simulation; 
x The use of a particular BIM tool can affect the choice of the simulation engine; 
x High-end simulation such as CFD is used for complex buildings with a high fee structure. 
 
Some firms have made attempts to standardize aspects or sub-processes of their designs methods for sustainability, 
and the commonalities found suggest that a generalization is possible. According to the participants, a challenge in 
developing a standard design method for sustainability is flexibility, where the method should enable a good fit to 
most design situations. The other challenge was related to the type of method. A performance-based method would 
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encourage innovation and higher standards, while a prescriptive model would lead to mediocre results as best8. A 
combination of both would allow an easy to follow description of steps (prescriptive), while some sub-processes in 
each step would impose performance-based objectives (combining BIM with BES in an IDP). 
6. DEPROSU 
After analyzing data from the interviews and the literature8, 24 the commonalities found have been synthesized into 
a process that could be standardized across firms, such as the Design Process for Sustainability (DEPROSU). 
DEPROSU is a prescriptive and performance-based flexible model of design that better reflects the reality observed 
in advanced design firms. It is tailored to a multidisciplinary design team (IDP) using BIM and BES proficiently.  
 
The DEPROSU model comprehends three main phases; each containing two sub-phases A & B. Every phase A 
represents an information gathering process in anticipation of phase B (analysis and synthesis, respectively). A 
simplification of their process across the sample is defined in the following Figure 1. In Phase 1A the order of sub-
processes is interchangeable without significantly affecting the final result. 
6.1. Phase 1A: Information gathering for Design 
Programming: In this step, a detailed description of the requirements for the design is done by specialists25. 
6.1.1 Site 
In this step, several components and sub-components are identified. Climate will dictate fundamental characteristics 
of the site to be considered, such as heating and cooling degree days; solar orientation (passive heating/cooling) and 
operational system (passive mode; mixed mode; full mode; productive mode; and composite mode). 
6.1.2 Goals definition 
In this step, stakeholders define the Performance Goals and Measurement Criteria, and also establish the design 
team with an up-front loaded multidisciplinary work. They might decide to pursue a GBRS certification and a third 
party to account for achievements. For the measurement criteria, several protocols (ASHRAE, ISO, IESNA, EPA, 
DOE, Part L (U.K.)), third party certification teams and verification methods (post-occupancy analysis, building 
commissioning, BES) can serve to confirm that the goals were reached. The team building is arguably the most critical 
aspect of this step, where all design consultants (structural, MEP, etc.) are selected and the design atmosphere is set. 
6.2. Phase 1B: Design 
6.2.1. Analytics:  
This step represents one instance of an iterative loop where all stakeholders and design consultants work together 
to specify design strategies. BIM adoption is highly recommended for a fluid communication among design 
consultants, being the central repository of data. Stakeholders define in probably several loops of discussion and 
analysis, the choice of MEP systems, passive technology, the environmental steer and several design alternatives 
represented by basic massing analyzed with BES tools. This process derives the final envelope design.  
6.2.2. Design Refinement 
The design team shall execute several iterations of analytics where design consultants’ feedback exchange enhance 
and refine the design. It can include a detailed and/or advanced energy simulation. BIM is again critical for a fluid 
communication and a seamless loop dynamic. 
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6.3. Phase 2A: Information gathering for Construction 
This process includes construction documentation, Tender and update of design if required. Integrated Project 
Delivery, or by default, Design-Build or custom variations of it are the preferred procurement option. 
6.4. Phase 2B: Construction 
The construction process itself. For this step is highly recommended the use of BIM for coordination (clash 
detection) and the possibility of using digital fabrication to streamline the construction process.  
6.5. Phase 3A: Commissioning 
This step is optional, but highly recommended for verification purposes and “lessons learned”.  
6.6. Phase 3B: Operations 
Facilities Management (F.M.) when the building is operating. BIM can play a key role. Literally, F.M. is not part 
of the design/construction process; however, it is included to provide feedback documenting lessons learned. 
 
 
Figure 1: Simplified diagram for DEPROSU. 
7. Comparison to other models of design process 
There are several models that attempt to describe design processes, but the ones that closely resemble the current 
practice as observed in the sample of participants will be analyzed. Those are the AIA Best Practices: Defining the 
architect’s basic services contributed by the AIA knowledge resources staff 5; and the HOK Guideline for Sustainable 
Design24. 
 
According to the AIA5, each design stage has its own set of deliverables according to a linear timeline. The reality 
observed in contemporary practices of sustainable design is that first, BIM enables detail of design to be similar in SD 
and DD, with variations of design refinement. Second, most legal agreements like the AIA contracts are widely used 
and attach stakeholders to a linear process, when contemporary design for sustainability is in fact more dynamic and 
flexible. Also, construction documentation is described as the final step in the design process in the AIA best practices, 
where the use of BIM enables automatic generation of documents at different scales in different stages of design.  
 
Another example is the prescriptive method described in the HOK Guideline for Sustainable Design24, following 
ten steps for an integrated design. Their ten steps have several overlaps with the description of processes found in this 
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research. The steps seem to be tied to the AIA best practices and contractual agreements, hence described in a linear 
fashion that better accommodates them, despite their own design process being in reality more dynamic with the use 
of BIM, BES and IDP. 
 
DEPROSU is a revised and updated model based on existent methods in the literature. The DEPROSU differentiate 
from existent and traditional methods in two ways: (1) some steps can have no particular order within a phase (non-
linear, in opposition to the AIA linear process); and (2) is retroactive, where some steps can go back and forth 
emphasizing the real dynamics of the design process for sustainable architectural design, by using BIM and BES.  
8. Conclusions and recommendations 
By conducting a qualitative study consisting of interviews of practitioners in leading sustainable architectural design 
firms, this research has produced a portrait of contemporary architectural practice. The research has confirmed the 
interest among practitioners in the topics of BIM, BES and IDP and the broad understanding that they are interrelated, 
synergistic and crucial to innovative practice. The results show that a generalization of sustainable design processes is 
possible. A design process for sustainability (DEPROSU) model was created by collecting best practices from data 
gathered from the interviews and the critical literature review. BIM and BES processes enable this method to be 
implemented with an integrated design team. DEPROSU includes ecological aspects of design26, and also proposes 
different alternatives of software usage and normative calculations for specific design steps. DEPROSU represents an 
alternative design method that departs from traditional and linear processes suggested by institutionalized documents, 
to better reflect the dynamics of contemporary design for sustainability. To this date, this method has not been tested 
in a real case-scenario.  
9. Significance 
Design processes and methods are subject to radical changes that require a new class of accomplished multi-skilled 
professionals capable of comprehensive decision-making27. The significance of this research is that it provides 
evidence of commonalities found in the design processes of advanced sustainable architectural designers (represented 
in DEPROSU) and can potentially be validated as protocols or standards, providing architectural design practices with 
concrete patterns for improvement and or validation of their design methods. This research could guide revision and 
updates to contract agreements and best practices documentation. The findings from this study present a snapshot of 
the state of the art in sustainable design in 2012 and can have historical significance serving as a benchmark.  
10. Generality and limitations 
The scope of this research was to focus on the implementation of BIM, BES and IDP in sustainable design methods. 
The conclusions are general and valid providing valuable insight about perceptions of BIM, BES and IDP at different 
hierarchical levels in a sample of firms that also differs in size and scale. The conclusions deal with the design process 
as a whole but with an emphasis on the design process and not construction/operations. This study did not assess the 
effectiveness of the methods for sustainable design used in the firms; the appropriateness of the organization of each 
firm; the effectiveness of use of digital tools or the assessment of participants’ building designs. The data set has 
obvious limitations and it is focused on Phase 1 of DEPROSU. The interviewees expressed their personal opinions, 
which could be biased based upon their professional responsibilities and might not represent the views held by others 
in their firms. The sample of firms is not representative of all types of design firms, and the interviewees do not 
represent the employees of the firms. These limitations impose constraints on the interpretation of results.  
11. Future work 
Research could explore the implementation of a generalized design process, such as the proposed DEPROSU 
model, in an experimental case study. The DEPROSU model could be implemented in academic situations and in 
professional architectural practice, including construction and operations.  
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Reliability of BES tools is a key component of future research. With an improved and automated processes for 
BES, all architectural firms could become more involved in sustainability, including small and medium firms.  
 
Currently, the need for evidence to support design decisions is changing design methods and perhaps, the cognitive 
process of design. However, designers are fearful of risky experimentations due to consequences on the environment 
and liability. Here lies the importance of an academic research to investigate this issue in a less risky environment, 
whose results might serve as a base for direction of academic curricula changes. 
 
Research could establish criteria to define training procedures on BIM and BES, to help promote in-house expertise 
in architecture firms. A theoretical framework for implementing training in different situations would help architectural 
design firms to adopt new techniques and to decide future investments. 
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